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EF’F@CT ,GF RIVET pITCS UPON THE l?AT IGUE- STRENGTH OF SINGLE-ROW

RIVETED JOINTS OF O .026- TO 0.025-INCH 24 S&T ALCLAD
. * \

By Victor Seliger “ -.

SUMMARY

S-N curves at the range ratio of 0.2 Were e?Pe~%men-
tally obtained for eaeh of the following values ‘of iivet
pitch P as used in. a single-row lap joint of’ 0.025- to
0.025-inch 24S-T alclad with one-eighth AN430 round-head
riv-ts: P = 0.5, 0.75, 1.0, 1.5. Families of cbnstahf
rivet pitch curves, which define the fatigue life for
sp~cimens studied, were developed. Curves showing.the “-
variation of the effective stress concentratioti- fac%i in-r”
fatigue with rivet pitch and maximum load p-r rivet were

t also established.
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INTRODUCTION

-.

This investigation was conducted to determine the
effect of rivet pitch u,pon the fatigue strength. of sin~i_~-
row lap joints of 0.025– to 0.025-inch’ 24S-Talclad, using
on=.—eighth AN430 roun”d-head rivets. A further object was
to determine the variation of” the effectiv~” s*”~~$s c.~n~en-.
tration ‘factor in fatigue as a function of rivet pitch and,,
of load per rivet.

.. ,“- —

SPECIMENS “

Single–row lap–joint fatigue specimens were fabri–
cated from 0,025-inch 24S-T alclad sheet, using AN430DD-4
rivets. The specimen dimensions and th~ rivet pitches
are indicated in figure. 4. The allowe+b~e_ design load for
H?43C)DD-4 rivets in 0.025 24S–~ alclad sheet is 256 pound-s
per rivet (ANC–5).
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Because of a typographical error in Qrde~i~g Speci-
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2 NACA ‘l~chnical Note No. 900

rl~ns, the AN430 rivets wer~ specified as the DD type ins-
tead Of the AD typo, Failure always occurred in the
Sktint, however , and check tests made with two specinens
using AD-type rivets agreed closely with results for
specirlFns using DD-type rivets ,

●

—

●

.
APPARATUS AND TgST PROCEDURE

till fatigue specimens were tested at 1800 cycles per
Ctinute in the Lockheed vibrating beam machines , one ofi
which is shown in figu-rc 1. Tests. were conductt?d at an
R value of--O.2 (iLi the range ratio, is th~ algebraic
ratio ofmir+inun to maximum load).

The dynamic load was measureLby means of an elec-
trical strain gage bridge, installed on the uppt?r speci-
men mount as shown in figure 2. This bridge was stati–
tally c.alihrated before each trest by means of dead weights
apylied at” known distances from t“he beam pivot and the
specimen center line. f.percentage-of—!j odulation neter , ,
used as a peak voltrcpter, measured the bridge unbalance; t
and the bridge unbalance corresponding to the known static
load was duplicated by the maximum and minimum peaks under
dynanic loading.

~ -.

All static tension teste were conducted in the”
300,000-pound Southwark~nery testing machine in the
Triplett and Barton laboratory. Lo&d-defer,:.atiQn and
Ioad-pernanent-def cmrnation curves were obtained, using
two dial gage extensometers over a 3.2-inch gage length
across the joint as shown in figure 3.

Average material properties are given in figure A-1,
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,. RESULTS “ -.
.... .

..“

“The results of the static tension tests are t’ahu-
lated %elow:
—--- -—-. — ...—--—— —---—-

Static Average static
Spec’imen I?um%er of Rivet ultimate ultimate load

rivets per “ pitch load per per rivet
specimen rivet

(in. ) (lb) - (lb) -
—-— ———.. -——-—--———— -———

1-A 12 0.5 “ 390
1–B 12 .5 3?8

..382.

l–c 12 .-5 380

2–A ? .?.5 419 ~ - .

2-B 7’. . ..75 409 398

_.. _,--

—

—- —.

2–c 7.”. . .?5 .. 367

3“’—A 6 . ~ 1.0 40-3
3–B 6 1.0 380 . 392
3–C 6 1.0 392

4–A 4 1.5 . 389
4-B “4 1.5 405 ““”-400
4-c 4 -“1.5 405,.-— —.————.

Load-de forraation and load-p ermane,nt-deformati on”
curves for each type cf specimen .ere sh~wn in figures 9
to 12,. .“ .-

.-—.—

The fatigue test r~sult”~ ’are plotted in the f6rm of.
conventional S—Ndiagraus in. f igures 13 to 16. The”
curves , as drawn, define thp ,lower limit of the test
scatter. All fatigue failures cccurred $n one or both.
Eheets with no cases of riv~t shear recorded. Typical
failures are shown in figur~s 5 to 8. .

Figures 19 and 20 show families of” constant rivet
pitch curves with maxinum load p>r .riyetand maximum load
per linear inch of joint, r#s.pectively, plotted against
cycles ta failure. These curved Wer@ G3tained by plot-
ting. rivet pitch against the maximum load per rivst and
agains’t the maximum lead ,per inch, r“-spectively”, for a ““
constant qunber of cycles to failure, thus .defini-ng the -
curves given as figures 17 and 18,. which afford a means
of interpolating and extrapolating for Values of rivet

,.

—.

.

—

,-.

.-

—-’
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pitch P other than those- used in actual tests. In fig-
ures 21 and 22 the families of conste,nt rivet pitch curves
are replotted with the nunber of cycles to failure shown
on a linear scale.

Figure 23 shows the variation of KT , the eff~ctive
stress concentration factor in fatigue, with rivet pitch
fur various conbtant fatigue lives. The effective stress
c~ncentration factor in fatigue is defined as

.—

5

SF
KY==

N

wh~~~ sx is the maximum value of the cyclically varying
stress t at the material itself can withstand for a giv~n
number of cycles as obtained from an axial tension fatigue ;
curve for 24S-T alclad sheet at R = 0.2 (see appendix)
and s~ is the maximum alternating stress that a joint
can withstand for a given number of cycles based on its
net area between rivet holes and obtained from the data
herein presented.

— t

* Figure 24 shows the variation of” the effective peak
stress (KFSN = SF) with nominal stress SN for various ..
values of rivet pitch,,with the curves extrapolated.to
zero stress. l?i~ure 25 is a Cross plot of figure 24
showing tho variation of th~ efflecti”ve peak stress with
rivet pitch f-or constant values of noa’inal stress. ●

Figure 26 IS a fa~lily of constant rivet pitch curves
showing the variation of ‘F with the maximum load per
rivet for th~. range ratio. under investigation. The
curves were. extended to include the results obtained from
static. ultimate ~alues xmd extrapolated to zero load
through the us~ of figure 24,

Figure 27 shows t-he–variation of KF with the ratio
of rivet ”diaineter d to P-d the net width of sheet
supportin~~ each rivet .

Figure 28 shows a comp~.risen between the effective
stress concentration factor curve fm a stress approaching
zero and the stress concentration factor c“urve deter~ined
photoelasticslly by Frocht an~ Hill f“or a close-fitting _
pin through a bakelite plate. (See reference 1.] In
accordance with the gra hical presentation in reference 1,
x is plotted’ against % rather t-ban d

F G*

k
——
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D15CUSSIOli

At a value of rivet pitch P equal to the rivet
diameter D, P-D becomes zero. Thus , no load can be
carried by the joint, and the extrapolation of the con-
stant fatigue life curves in figure 17 to sero load at

-P = 0.12,5 inch is justifiable. The establishment Of
these curves at the low values of load per rivet affords
a means for extrapolating the curves of figure 18. The
extrapolations, it will h~ noted, give optimum values of
rivet pitch. These fall roughly between P = 0.25 inch
and P = 0.4 inch for the range of fatigue Ii-fe””&tudied,
and, ou the basis of fatigue strength, justify the
Lockheed Des’ign Handbook Specification of 3D for minirmzm
rivet spacing. —

In naking use of the results dealing with the effec-
tive stress concentration factor in fatigue Kj and in
the interpretation of the curves of figure 23 a~d those
that follow, it IS necessary to define clearly KF and
to distinguish between it and the theoretical stress” con-
centration factor K. If , owing to a rivet, a notch, or

!t8tresS raiser*soue other “ an abnormal stress condition -
exists, then the ratio of the maximun stress intensity to
that calculated by ordinary formulas is”-the theoretical.
stress concentration factor K, the changed distribution
of stress bejng disregarded. The value of the maximum
stress intensity, provided it does not exceed the etastic
linit of the material, often can be determined mathe.mati—
c=lly, photoelastically, or by direct strain measurements.
Where the fatigue strength of a sing.le-?.ow laP riveted .
joint is involved, the stress conce-riiration factor may
not be directly dependent upon the maximum stress intens-
ity, but rather upon the combination of that naximum
stress intensity with seve-ral other variables: Thus ,
rivet pit~h, edge distance, distortion of the hole aris-
ing from upsetting the rivet, the surface condition and the
heterogeneity of the metal, the plastic yielding in the
region of the hole, and the orientation of the grain, all
act with ‘different effects: soue to increase,” an”d others
to.decrease the f~tigue strength of the joint. T!he effec-
tive stress concentration faator in fatigue, as def”ined
under Results is the zkasure of.,the over-all effe’ct of
these variables. It provides an adequate par’amet’er i-n
the evaluation of any of the above factors separately in-
vestigated, as is demonstrated in this paper for the case
cf rivet pitch”and loaL Furthermore, its use c“an”be
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extended to become a“working index in the analysis and
the comparison of all fatigue ‘best resu-~is, tie determin- .
ation of the fatigue strength of airplane structures, and,
ultimately, the design of these structures on the basis

●

of life expectancy. - . .
. b“

The results ehown in figure’ 23 point to the existence
of definite interrelationships among the fatigue life,
the rivet pitch P, the maximum load per rivet, and the
effective stress conce”ntratfon factor in fatigue. As a
further ‘ste”ptoward defining t-hese interrelations, figures
2A and 25 were developed-in which tihe’eff$ctive peak o
stress is plotted against nominal ,stres? and-~ivet pitch,
respectively. Here, again, thi effective peak stress is
not ‘the “mtiimum stress intensity’ actually present but the -..
product of KT and the nominal stress across the net “
width of the joint, and it is the measure, of the combined
effects produced by the variables prevf.b”usly o-ri-umerated.
It is, by definition, equal”to SF, the maximun.value Of
the cyclically””v’~rying etr~ss that the material itself,
without stress raisers, can” withstand for any given number
~f cycles. Since, at Eero value of nominali str-ess, the
eff-ective peak stress also must–be zero, the curves of ?
figure 24 all pass through the origin. Since for these
curves the value of’ KF for any particular magnitude of’
nominal stress is the ratio of th’e ordinate to the k

abscissa, a means is afforded of determining
xi

for
stresses lower than those experimentally considered.

The next l“og-ical st-ep in”our an~.lysia is the devel-
opment of the cur+es in figure 26. The extrapolations to
zero load are obtained directly from fig”ure 24; wher”eas

.-

the extensions to high loads are based on st”atic t-est
ultimates. The curves display the intere-sting fact that
the veriation of K~ is rapid at intermediate loads,
much less pronounced a“t low load”s, and negligi~le beyond
2/3 ultimate. This phenomenon doubtlessly can be attrib-
uted to the fact that plastic deformation, starting at
very low loads , serves to minimize the concentration of
stress in an increasing-manner untfil at-,approximately 2/3

‘ ultiriiate its effect become”s negligible.

The rapid change of ~F at inter~ediate. loads iQ
again shown in figure 2’7, Pl”otte”d as a family of constant
load per rivet curves, it affords a m“eams-of d-etermi”ning
the effective stress concentration factor in fatigue,

for-the joints tested, for any value of #-- and any
–d
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l~ading between zero and ultimate load per rivet, and
estahli.shes a definite relationship betire”en KF and the
ratio of the rivet diameter to the width of sheet between
rivets.

The striking parallel between the two curves of fig-
ure 28 demonstrates the validity of the stress concentra—
tion factors determined by photoelastic analysis. These
are , however, modified by plastitc deformation, as has been
~rev$ously brought out. The agreement shown between pho-
toelastic and fatigue analysis should be regarded with
care, for, whereas Frocht and Hill used a close-fitting
pin loaded in double shear, the results of this paper are
based upon a specimen in which an upset rivet in single
shear actually enlarges and distorts the hole, It appears,
nevertheless , th&.t the use of photoelastic analysis for”
predicting maximzn values of KF may be of great impor-
tance and shou+d be more thorough~y in+e”stigated.

——

The decrease of the effective stress concentration
factor in fatigue with increasing load leads to some in-
teresting hypotheses.

—

It has been shown in tests, especially on steels,
that the harmful effect of any stress raiser is increased
as the hardness of the steel is increased; until the en-
duranc’o ,limit for severely notched specimens may le actu-
ally lower for very hard than for moderately hard steels.
In the light” of what has been found here, the explanation
that immediately presents” itself is that, for nominal
stresses at the endurance limit, the hard steel in the
region of the stress raiser has undergone little or no
plastic deformation, and, consequently, ‘little or no de- “
crease in ,the effective peak stress takes place. In the .
case of soft steel, yielding may take place to decrease
appreciably the effective pe&k stress and, by the same
token, to provide the beneficial effects of prestretohing
and moderate ”Gverstressing on the fatigue strength of
structures containing stress raisers. -.

It may he said generally that the results given in
this report appear to bear out the useful function of
plasticity in permitting sufficient deformation of the
more highly stressed fibers, in a nonuniformly stresied
article, to bring about a more “~avorable distribution of

stress. And , further, as has been brought out previously,
there appears to be a limit to the usefulness of this
plasticity, depending upon the structure and “the magnitude

—

of the stresses involved.
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CONCLUS IONS .

1. For t-he R value and the type of joint tested:

a] The fatigue strength -per rivet ~ncreases with
increasing rivet ‘pitch P at least to
P= 1.5 inches.

b) The greatest fatigue strength per linear inch of
Jaint is obtained for values of P between
0.25 inch and.’O.4 inch. ‘ - ‘

c) Thd effective peak stress increases with rivet
pitch.

..

d} The effecti+e; stress” concentration factor ~n
fatigue warie’s inversely as “the load.

2. For low stresses the possibility presents itself -
of predicting, on the basis .of~hotoelastic analysis ,
the values of the effective stress concentration factor .
in fatigue. 1

3. The usefulness of plasticity in decreasing the
peak stresses in a nonuniformly stressed part is indi- W

cated. From this, it f“~llows that the use of materials
with high r,atiQs of yield..s$rength to ultinate strength
may actually result in Iowere’d fatigue strengths. sines
tests have been started on “j~ints” ‘of eecandary heat-
treated mat~rial, this point’.will be established in the
very near future.

Lockheed A“ircraf+ .Corporation ,
Burbank, “Calif, , Nov. 7, 1942.
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APPENDIX

?

●

Since no fatigue date, at the desired range ratio was
available for 245-T alclad sheet , the curves sh~wn in
figures A-1 an?. A-2 were established by means of tests
run in a Lockheed fatigue testing machine. The principal
dimensions af t“he test specinen are sh~wn in figUre A-3,
the drawing of the d.ie.from which the specimens were man-
ufactured. The test ‘setup is shown in figure A-4.

Standard X–1OO9 tensile coupons were cut from the
sheets used for making the fatigue specinens and tested
in the Triplett and Barton 300,000-pound testing qachine ‘
“with the foll~wing results :

Ultimate stress Yield stress percent elongation
SpGcimen (lb/sq in. ) (lb/sq in. ) (2–in. gage length)
-—-—— -—

1 66,200 51,100 19
2 66,500 51,100 16
3 66,700 51,400 18+

4’ 63,600 51,000 19

R3FERENCE

1. Frocht, M. M;, ‘and Hill, E. N.:
.,

Stress—Concentration
Factors arcmnd a Central Circular Hale in a Plate
L~aded thr~ugh a Pin in the Hole. A.S.M.E. Jour.
of Appl. Mech. , March 1940, pp. 5—9. iilus.
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Cyclee to failure

Figure A-l.- Axial tension fatigue curve”
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Figure 3.- Set-~p for obtaining load
deformation data.
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Figure A-4.
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Figure 5.- Showing failure of specimen with P m 0,5 inch.
Maximum load, 75 pounds/rivet, 1.50 pounds/linear

Inoh; Cyoles to failure, 2,670,000.
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Figure 6.- Showing failure of eaoh sheet of specimen with

P = 0.75 in. Maximum load, 125 pounds/rivet,
146 pounds/linear inch; (lyolesto failure, 11.5,000.
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FlgUe 7.- Showing failure of speoimen with P = 1.0 inoh.

Maximum load, 100 pounds/rivet, 100 pounds/
linear inch; Cycles to failure, 4,330,000.
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Figure 8.- Showing failrqe of speoiruenwith P = 1.5 inch.
Maximum load, 131 pounds/rivet, 87.5 pounds/

linear inoh; (lyoles to failure, 4,050,000. - —
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Figure 17.- Constant fatigue life curves.

,



.

.

.

.

NACA Technical Note No. SW Fig. 18

\
t AN430DD-4 rivets
\ Both sheets joggled
\ .025-.025Alclad 24ST

.ho

150

100

50

0 .4 .8 1.2 1.6 2.0
Rivet pitch, in.

Figure 18.- Constant fatigae life curves.

--
—



.

.

4

.

.

“NACA Technical Note No. 900 . Fig. 16

350
i

il~l
Ill

1
_ -AN430DD-4round head rivets

Botlasheets joggled 111
I I I I I lSinEle row illll I II

f-l
al
PI

100

1.6

:.;

1:0

0.8

0.6

0.4
. 50 - I I I ! I 1 1 I * , ,

+

n
“105 ~06

Oycles to failure

Figure 19.- Effect of rivet pitch upon fatigue strength,interpolated
curves.



NACA Technical Note No. 900 Fig. 26

>“

,

.

4

.

.
o_

lob ~06
*—_ lo’t

Cycles to failure

Fi=-e 20.– Effect of ,rivetpitch upon fatigue strengthjinterpolated —
curves.

.



. . . . .

Oyclos to failure/105

Figure 21.- Fffeck of rivet pitch upon fatigue strmgthtlnterpolatod curves. ~

Y,
0
.

-t-t-t Illl ~11.”

v

1 2 3 4 5 6 7 8 9 100

I

II
I



. . . . . .
I

353 I

P = 0.4
AW30DD-4 round head rivets

Both ehe~ts joggled
300

\

.6
.025-.025 Ald.ad 24ST

\

250

j
\

y

o
-

‘w

;200 l.o -

CI
.rl

— “1.2
;

.s 150 1*4L

$ 1“6
+

1
100

4

50

0 1 2 3 4 ‘? 8 9 100

@clas ;o failure~105

Figwe 22.- Effect of rivet apa.cingwon fatigueBtrength,interpolatedcurves.

I
1.

#



NACA Technical-Note No. 900 Fig. 22.

.,

.,

?

●

1

8

7

6

5

%

4

3

//’

2

1
f) .4

105

/

.,. -
.

/ ?’

/

/

I-1- AW&IODD-”4 round head rivets
Both sheets joggle-d I
.025-.025 Alclad 24ST

.8
*

1.2 1.6 2.0”
Rivet pitch, in.

Fi=gure23.- Effect of— riyet pitch upon the effective stress con-
centration factor in”fatigue=“’

—



7

.

.

NACA Technical Note No. 900 Fig.

i I I ,-

1“$ 1.2 1.0 .8
I

P = 1.6
.6 .4

35 -

30
4.A
&
G

[ , I“’’i’; h’
r I I i I I I

z IIII ~

10

5

0

m t * r

j 1/{
f !/;; ,1
t \ I

If/1
i

/,, II ~
Ill it /

III ‘
/,, f /,

I I
i AN430DD-4 rouad head rivets

Ill)
lJ Both eheets joggled.

I.! IIIIII I ! .025-.025Alclad 24ST I

5 10 15 20 25

24

.

NOminal stress, SNI lb/sq in.

Fi~e 24.- Variation of effective peak stress with nominal stress
for constant values of rivet pitch.



NACA Technical Note No. SO(I Xig. 25

r

s

2
WI

o
Cso
A

.

40

/. /

s~
35 — 15,000 /

/

10,000
30 /

/

/
7,500 /

25

/
.

. . .
20 /

5,000

15

[

10 2,500

LN430DD-4 round hea~ rivets
Both sheets jogglecl
.025-.025 Alclad 24ST
R=+(3.2

5 I

.

0 .4

Figure 25.- Variation of
for constant

.8 1.2 1.6 2.0
Rivet pitch, in.

effective peak stress with rivet pitch
values of nominal stress. .



r

u

.

i

NACA

4ao

z50

T-hical Note No. 900 I’ig.26

\
\ , . \

\ \ \
\ \

I
\ \ \
\ \ \ \ “ “\\ \\ \ \ \\ . \ / \ \\ \ \

50 \ \
} \ ‘j / t
\ \

\ i “, ! ,
\ \ i
\ \ L

\ \ \ \
\ \

4
\ \ \ \

c1 \ \ \
~2 84 @ ZF ($8 l~o ..,, l&2

Figare 26. - Variation of th~ effsctive stress concentration factor in
fatigue with maximum load per rivet for constant values

cf rivtitpitch.
m~ .-“.

— —.
----.—>



NAOA Technical Xotc No. 900 Fig. 27’

. KF

$

.

4

16>

I
A22430DD-4 rivats
Both sheets joggled
.025-.025 Alclad 24ST

14 .
.

12 -lb

- i,

I
o
~.

25-0

‘--\~ -

7!5 ::h
10 “

8 160-.
k

J75.+6
\

\

\
4- \ -.

\
. . + - .

\ %.
\ x

\
\ -“\

XN .
2

\
\ . ‘-- --

----

0 1.- .2 .3 .4 .5 -
d/P-d

Figure 27.- Variation of KF with net width of sheet supporting ea&h
rimt for constant values of loai per rivet. .“



I?ACAT~c~nical Note NO. 900 Fig. 28
. —.

K

f

14

la

\

\

\
10

\
\

\ \
\

8
\
\ ,Locl&aed fatigue analysis

\’‘
\ .
\
\
\

6 ——
\
\
\

\ \

Frocht and Hill-’ \
\

4-

2’

0 .1 .2 .3 .4 ,5
d/P

.
—

Figure 28. - K plotted against ratio.of rivet diameter to rivet
pitch for zaro stress. ...+-

,.-—


